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§44. Role of Magnetic Measurements for LH D 
Equilibrium Database 
Sakakibara, S., Yamada, H., Watanabe, K.Y. 
For an experimental study on MHD equilibrium in 
helical devices, measurements of magnetic field and flux due 
to local currents which arise to satisfy ideal MHD 
equilibrium condition J xB =VP are main subjects. In 
particular, the poloidal magnetic field and flux due to 
Pfirsch-Schl titer currents (P.S. currents) along magnetic 
field line causes the outward shift of magnetic axis 
(Shafranov shift), and this shift decides equilibrium /)-limit 
and affects MHD characteristics such as rotational 
transform, magnetic shear and magnetic well/hill. Also, 
there is some possibility that it destroys the peripheral 
magnetic surfaces. The magnetic measurements may give 
us information on not only the above-mentioned MHD 
characteristics but also physical quantities required for 
decision of MHD equilibrium such as pressure profile, 
current profile, magnetic axis and plasma boundary 
position. In particular, the subject whether magnetic 
measurements can defme the plasma boundary is very 
important for decision of equilibrium because plasma 
boundary is not clear in helical devices and the peripheral 
region is ergodic. Also, theoretical prediction suggests that 
outward shift of plasmas lead to a decrease in plasma 
volume because of an existence of separatrix in outer region 
of torus. In this study, the sensitivity of magnetic probe 
signals to <{1>, pressure profile and plasma boundary 
position is quantitatively estimated, and validity of these 
measurements on LHD equilibrium database is 
investigated. [ 1] 
The magnetic probes will be installed at two kinds of 
poloidal section. One probe array is arranged at the upper 
and lower sides of inner wall of vacuum vessel at a poloidal 
cross section (array A), while one pair of probes are 
installed on an equatorial plane at different cross section 
(array B). Figure 1 shows the changes in the magnetic 
axis R ax and the position R 88 =0 where the 8B9., is equal to 
zero as a function of <{1>. The 8B 9,. components correspond 
to those measured with magnetic probe array A. The 
difference of 11R 68=0 in between peaked (a = 3) and flattened 
(a = 1) cases is roughly equivalent to that of the 11Rax· (The 
pressure profile is assumed as P = P 0(1- VJt, where VI is the 
toroidal flux function which is · normalized by the value at 
the last closed flux surface and a is in the range of 1 ,...._, 3.) 
However, 11R eax is about three times as large as 11R 08=0· 
One of the reasons is that the 8B9,. includes not only 
poloidal component but also the radial one. If the R ax is 
known and the <P0 is unknown, the measurement of the 
t1R 88=0 is valid for an estimation of the a because the iP0 
dependence of L1R 08 =0 is relatively weak and the error is 
about 20 % even when the <P0 changes from 2 to 3. 
Figure 2 shows changes in the difference between 
inside probe signals and outside those at array B as a 
function of a diamagnetic flux. The diamagnetic flux is 
estimated as 11 <Pdia = -<{i>iPJ2 in cylinder plasmas and is 
able to fit the results calculated by 3-D code within the 
limits of 6 %. The reason that this parameter is used in 
Fig.2 is that this flux is directly measured with the 
diamagnetic loop in currentless plasmas, and so the <P0 can 
be estimated by real measurement signals only. The 
difference of 8B 9 in between peaked and flattened cases is 
about 40 % when <{1> = 2 % and the <P0 = 2. 7. If the 
pressure profile is known (by the estimation of t1R 88 =0 ), it 
may enable us to estimate more accurate c1>0. 
As summary, the signals from probe array A and/or B 
make it possible to obtain the pressure profile index a with 
the <{1> derived by diamagnetic loop signals and <P0• Also, 
the Rax can be given by L1R 88 =0 measured with array A 
signals with the a. On the other hand, <fl>, c:J>0 and a can 
be given by probe measurements if R ax is already known by 
the profile measurements with Thomson scattering, CXRS 
and so on. 
The magnetic measurement system can become a 
powerful tool for a construction MHD equilibrium database, 
especially, when quick analyses are required such as shot by 
shot. 
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Fig. I. Changes in magnetic axis Rax and a position with 
8B9• = 0 as a function of<~>. 
0.8 
0.7 
0.6 
!=' 0.5 
N 
b 0.4 
.......... 
a:f 0.3 t-0 
0.2 
0.1 
0 
0 
<1> 0 (Weber) 
-2.0 .•. 
~· · ····-···"'"' 
-D--2.4 ... 
.___··_· .. _·-_2_._7 _ _. __ .......... -··· 
·" ... 17 
.... · ;' 
.· ;' 
.· ... ·/rt' 
.··/ 
.cl/ 
.Y" j 
a 
.. ·· 
.·• 
....... -·· 
.I 
/ 
P=P 0 (1- \jl) 2 
0.5 1.0 1.5 2.0 2.5 
I<I>dial (1 0-2 Weber) 
3.0 
Fig.2. Changes in a difference between inside probe 
signals arxl outside those as a function of diamagnetic 
flux <Pdia when <1>0 = 2.0, 2.4 arrl 2.7 . 
References 
1) S. Sakakibara et al., Proc. 8th International Toki 
Confference 1 (1997) 386. 
49 
